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(Dated: August 7, 2009) 

Abstract 

The first measurements of the coherence factors {R^^j^o and Rks-k) and the average strong-phase 
differences and S^^"") for R- 'vr+vr'^ and I?" K 7r+7r"^7r are presented. These 

parameters can be used to improve the determination of the unitarity triangle angle 7 in B~ 
DK" decays, where D is a D° or 5° meson decaying to the same final state. The measurements 
are made using quantum-correlated, fully-reconstructed D^D^ pairs produced in e+e^ collisions 
at the V(3770) resonance. The measured values are: Rk-k-k^ = 0.84 ± 0.07, 5^'^'''' = {2TJt\^)° , 
Rkstt = 0-33lo'23, and 6^^^ = {114:~^23)°- These results indicate significant coherence in the decay 
'n^TT^, whereas lower coherence is observed in the decay K Tr^vr'^Tr . The analysis 

also results in a small improvement in the knowledge of other D-meson parameters, in particular 
the strong-phase difference for K~Tr'^, 6^'^, and the mixing parameter, y. 
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This paper presents the first determination of the coherence factors and the average 
strong-phase differences for K~tt^tt^ and — > K~ti^ti^tt~ made using quantum- 

correlated, fully- reconstructed (double-tagged) D^D^ pairs produced in e"'"e~ collisions at 
the '?/'(3770) resonance. Knowledge of these parameters improves the sensitivity of measure- 
ments of the unitarity triangle angle 7 using S-meson decays to these D-meson final states. 
Although CP- violation involving S-mesons has been clearly established experimentally [H, 
and existing results are in good agreement with Standard Model predictions, additional 
and improved measurements are required to overconstrain the Cabibbo-Kobayashi-Maskawa 
(CKM) quark-mixing matrix and probe for the effects of non-Standard Model physics. 
An important ingredient in this program will be a precise determination of the angle 7. 

Several methods to determine 7 using B~ — »• DK~ jsf decays have been proposed jl, H, 0]. 
Here, D refers to either a or meson. All these methods exploit the fact that a B~ can 
decay into D^K~ and D^K~ final states via h — > cus and h ucs transitions, respectively. 
The weak phase between these two transitions is equal to —7. Therefore, the amplitudes are 
related by: A{B- D^K-)/A{B- D^K') = r^e^^^s-T)^ ^here ~ 0.1 is the absolute 
amplitude ratio and 6b is the strong-phase difference. The two amplitudes interfere with one 
another if the and decay to the same final state, which can lead to direct CP- violation 
between the B~ and B^ decay rates if 7 is non-zero. 

The Atwood-Dunietz-Soni (ADS) method [sl uses common flavor-specific final states such 
as D ^ K~iT~^ to determine 7. The rates are given by: 



oc 1 + (r^rf ^)2 + 2rBr;^^ cos {6b - T 7) 



KTr\2 I o^_^Kn^^^tx_ xKtt (l) 



(2) 



and 

oc (rB)2 + (rf ^)2 + 2rBr|^'^ cos {6b + T 7) 

where r^'^ is the absolute amplitude ratio of the doubly- Cabibbo-suppressed (DCS) decay 
— > K^n^ to the Cabibbo-favored (CF) decay D° — > K^tt^, and 6^'" is the strong-phase 
difference between these two amplitudes, which is defined as: A{D^ K^tx^) / A{D^ — >■ 
K~7r^) = r^^e~^^o'' , Present measurements give r^^ = 0.0579 ± 0.0007 [7[, therefore, the 
terms on the righthand side of Eq. ([2]) are all of the same order, which allows significant 
changes to r{B^ —>■ D{K^7c^)K^) depending on the values of 7 and the strong phases. The 
suppressed decays B^ D{K^7i^)K^ have not yet been observed The measurement 

of 6^"" has been made in quantum-correlated D^D^ decays [lo| in a similar manner to the 
analysis reported in this paper. 

The flavor-specific final states D K^-k^-k^-k^ {D K^3tt) and D K^tt'^it^ have 
significantly larger branching fractions than D K~tt'^ [11]. However, for three- or four- 
body D decay the amplitude ratio and strong-phase difference vary over phase space. For 



such D decays, for example D ^ K Tr+Tr*^, Eq. ([2]) is modified as follows 12 



r(PT ^ D{K^Ti^^^)K^) 
oc {r-B? + (rf--°)2 (3) 
+2rBri^--°Px..o cos {6b + 6^^^' T l) , 



where RKmrO, 6k-wwO and r^'^'"° are defined as: 



-10""" / '4x-7r+7ro(x)^X+7r-7ro(x)(ix 

P^TTTroe o = and 

^K-n+nO^K+n-nO 
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K-tt+ttO 

Here AK^n^fTroi^) is the amplitude for D° K^tt^tt'^ at a point in multi-body phase 
space described by parameters x, and A\±^^^o = / |^x±7rT7ro(x)p(ix. (The expressions 
for D — >■ K~7r~^7r~^n~ take the same form and involve the parameters r^^'", Rxsn and S^^'".) 

The parameter RkitttO is known as the coherence factor and can take any value from zero 
to one. A small value of Rk-k-kO indicates a lack of coherence between the intermediate states 
involved in the decay, a situation expected when there are many resonances contributing; a 
value close to one occurs when the resonances are largely in phase, or one state dominates. 
Decays to two-body final states, such as —>■ K~t[^ , and to CP eigenstates have a coher- 
ence factor equal to one. Even if the coherence is small the rate described by Eq. ([3]) is still 
useful, because it possesses high sensitivity to the parameter tb- 

The coherence factors Rp and average strong-phase difference, 5^, where F = K~tt^tt^ or 
K~T{^T{^T{~ ^ can be determined using double-tagged D^D^ pairs produced in e^e~ collisions 
at the -0(3770) resonance. The two mesons are produced in a C-odd eigenstate and their 
decays are quantum-correlated. The rate for the two D mesons to decay to states F and G 
is given by |l2l |: 

T{F\G) = rol I |^F(x)^e(y)-^F(x)^G(y)|'rfxrfy 

= To[AlAl + AlAl 

-2RfRgApApAgAg cos (5g - 6^)] , (4) 

where ^f(x) {Aciy)) and Ap{x) (^^(y)) are the amplitudes of ^ F (D° G) and 
D'^ ^ F (D° G) at points x (y) in phase space, respectively, and Fq = r(?/'(3770) — *• 
D^D^). From Eq. (j4]) the following double-tagged rates arise: 

r{F\CP) = T.AlAl^l + {r^^r 

-2A±rgi?FCOs5^] , (5) 
r(F|F) = ToAlAl[l-Rl] , (6) 
r{F\K-n) = ToAlAl.^.iir^n' + {r^r 

-2rf Vgi?^ cos(5f - - 5^)] (7) 



and 

= ToA^-^.^o A^-.....- [{r^^r + (r^-y (8) 
-2rp-r^^^'RK3^RK^.o cos{6E^- - . 

Here GP denotes a GP eigenstate with eigenvalue X± = ±1. The final states described by 
Eqs. (ED, dZ]), and ([S]) are referred to as 'like-sign' (LS) on account of the charges of the 
two kaons involved. Furthermore, the following relations are noted: r{F\GP) = r{F\GP), 
T{F\F) = T{F\F) and T{F\K-n+) = T{F\K+n-); these expressions ignore CP-violation 
in D decay, which is well motivated theoretically and by current experimental limits (l3| . 

To relate the amplitudes in Eqs. ([5]) to ([8]) to branching fractions the effects of charm 
mixing must be included. Charm mixing is commonly characterised by the parameters 
X = (M+ — M_)/F and y = — F_)/2F, where M± and T± are the masses and widths 
of the X± = ibl neutral D meson mass eigenstates, respectively, and F = (F+ + F_)/2. 
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are given m 



The relations between amplitudes and branching fractions, following Ref. 
Table [11 

The best constraints on x, y and 6^'^ come from the combination of several measure- 
ments ISj. These constraints [3] are included in the analysis reported here to improve the 
determination oi Rp and 6f). However, the analysis is also sensitive to these parameters so 
results are presented without the external constraints as well. 



TABLE I: Relations between branching fractions, B, and amplitudes including the effects of charm 
mixing. The DCS and CP expressions are quoted to 0{{x/r£))'^ , {y/roY') and ©(y), respectively. 
The corrections due to mixing in the CF amplitude are negligible (< 1%). 

~ Mode B 
D^^CP Alp{l-X±y) 

DO^F A%[l-{y/r^)Rpcos6^ 

+{x/r^)RFsm6^ + {y^ + x^)/2{rf;f] 
DO ^ K-Tr+ A\_^+ 

DO K+TT- A\+^_[l - {y/r^'') cosd^"" 



An 818 pb~^ data set of e+e~ collisions produced by the Cornell Electron Storage Ring 
(CESR) at i?cm = 3.77 GeV and collected with the CLEO-c detector is analysed. The 
CLEO-c detector is described in detail elsewhere [l5] . Table |Tl] lists the reconstructed 
and final states, with 7r° 77, tt+tt^, uj 11^71^71^, (j) —>■ K^K", rj 77, 

1] TT^Ti^TT^ and 1]' — > ?7(77)7r+7r^. When required in the analysis, reconstruction efficiencies 
are calculated from simulated samples of signal D decays. Backgrounds from other DD 
decays are estimated from a simulated sample of generic DD decays. 



TABLE IL D final states reconstructed in this analysis. 

Type Final states 

Flavored K'^tt^, K'^tt^tt^tt'^, K'^tt^tt'^ 
CP-even K+K', vr+vr-, K'^tt^tt^, K^tt^, K£w 
CP-odd ETgyr", JCgu;, K^cj), K'^rj, K^r]' 



The TTo, Kg, UJ and 77 — 77 reconstruction is identical to that used in Ref. [10|]. Candidates 
for f] 7r+7r^7r°, 77', and (p mesons are considered if their masses are within the intervals 
[506, 590] MeV/c2, [950, 964] MeV/c^, and [1009, 1033] MeV/c^, respectively. Final states 
that do not contain a meson are fully reconstructed via two kinematic variables: the 



beam-constrained candidate mass, Mhc = y E^^/{4c'^) — p^/c^, where pd is the D candidate 
momentum, and AE = Ed — i?cm/2, where Ed is the sum of the D daughter candidate 
energies. The double-tagged yield is determined from counting events in signal and sideband 
regions of M^c. Fig. [T](a) shows the distribution of Mf,c for D K'tt'^tt^ candidates tagged 
hj D —>■ KgTr'^ decays for data and simulated background events. The selection and yield 



determination procedures are similar to those presented in Ref. T3|. For modes that were not 



considered in Ref. ll(J the values of the AE criteria are identical to those used in Ref. [16i . In 
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FIG. 1: Distributions of (a) M^^ for I? ^ K'tt^tt^ candidates tagged by D ^ K^tt^ and (b) 
missing-mass squared for D — > K^tt^ tagged D —i- K3ir candidates for data (points) and expected 
background (dotted line). 



addition, to suppress background from KgK'^'K^ to —>■ K^ti^'k^ti^, requirements 

are placed on the 7r"'"7r~ pairs to be consistent with originating from the e~^e~ collision point. 
Furthermore, in events where K~3tt or K^n^n^ are tagged by K^tc^, at least one of the 
daughters of the two-body decay is required to be in the acceptance of the Ring Imaging 
Cherenkov detector; this criterion suppresses events where K~Tr~^ is misidentified as K~^7i'~ . 

To identify CP-tags containing a single K^^ meson, we compute the missing-mass recoiling 
against the signal D candidate and the sister particles in the assumed tag decay, and select 
events consistent with the mass of the meson squared Yields are extracted from the 
signal and sideband regions of the missing-mass distribution. Fig. [T] (b) is the distribution 
of missing-mass squared for D —> KSti candidates tagged hy D K^n^ decays for data 
and simulated background. 

Significant peaking backgrounds arise in a few modes: non-resonant decays to 7r"'"7r~7r° 
for modes reconstructed including an or 77 ^ 7r"'"7r~7r°, D fr^(7r°7r°)X misidentified as 
D K^X decays, and D Kg{7T~^7r~)K'TT^ to D ^ K~3tt. However, these backgrounds 
are all smaller than the statistical uncertainty on the yields. The peaking background yields 
are estimated from a simulated sample with a size equivalent to approximately 3.3 times the 
data sample; the uncertainty on the peaking background yield is that due to the statistics of 
this sample. This uncertainty is added in quadrature to that on the combinatoric background 
subtracted signal yields. There is a further peaking background oi D ^ K^tt~ decays 
misidentified as ^ K^-n^ for the like-sign K^?)TX or K^-n^n^ tagged by f^^vr^, which is 
also estimated from simulated sample. However, this contamination is treated as a separate 
source of systematic uncertainty because it is the dominant source for some measurements. 
The measured event yields after background subtraction are given in Table lllli 

The results of the analysis are presented in terms of the observables Pcp±, Pls^ Pk-k ls 
PkII°.ls^ which are the ratios of the measured values of r(F|CP), r(F|F), T{F\K^tx^) and 
T{K^'k'^'k^\K^'k^'k^'k^) to the expected rates, on the assumption that the two D mesons 
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TABLE III: Measured double-tagged signal yields. 
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decay in an uncorrelated fashion or have zero coherence. Therefore significant deviation of 
any of the p parameters from a value of one can only come about through the quantum- 
correlated nature of DD production at the ?/'(3770) and a non-zero coherence in the D decay. 
The p observables are related to the background and efficiency corrected signal yields, S, as 
follows: 

F ^ S{F\F) + S{F\F) 

2Nj,oj3o13{DO ^ F)B{DO ^ F) ' 
pL,ls = [S{F\K-n+) + S{F\K^n-)]/ 

2Nj,ono[BiD^ ^ F)}3iD^ ^ K+n-) + 

B{D^ ^ ^ K-71+)] , (10) 

P^P± = [SiF\CP) + SiF\CP)]/ 
2Nj,oj3oB{D^ CP) 

[B{D'' ^ F) + B{D° ^ F)] , (11) 



and 



^Ktttt" 
PK3it,LS 



(12) 



[S{K-n+n°\K-3n) + S{K+n-TT'^\K+3n)]/ 
2N^oj3o[B{D'^ K'n+n^)B{D'^ K+Sir) + 
B{D^ K+Ti-'K^)B{D^ K-?,Ti)], 

where N^o^o is the total number of -0(3770) D^D^ events. 

In the extraction of each like-sign observable, the product of Nj^o and the reconstruction 
efficiency is determined from the background-subtracted yield in the corres pon ding opposite- 
sign samples, taking the values of the branching fractions reported in Ref . [ll| . For example. 
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in the case of p^g, the observable is given by 



„ _ N{F\F) + N{F\F)B{D^^F) 
Pls 2N{F\F) B{D^ ^ F) ' ^ ' 

where are the background-subtracted yields without any efficiency corrections applied. 
For the majority of the CP double-tags an alternative normalization procedure is exploited, 
whereby knowledge of N^oj^o, the reconstruction efficiency and the branching ratio of the 
CP mode, which in many cases is poorly known, is accommodated by a comparison with 
double-ta g ev ents involving the CP-tag against D — > K~7r~^ decays. The good knowledge 
of 6^"^ [7I.I10I. 18 1 allows the contribution from quantum-correlations in these normalization 
events to be accounted for. Small corrections are applied related to the differing environment 
in which the tag is reconstructed in K'n'^, K^-k^-k^ and K^-k^-k^'k^ events. In the case 
of the tags K^K~ and vr+vr" the branching ratios are known well enough to use the values 
directly from Ref. [11]], together with measurements of the reconstruction efficiency and 
S{F\K+Ti-). 

Table [IV] shows the measured value of each observable. In the case of Pcp± the results 
from the individual CP-tags are found to be consistent and are therefore combined into 
mean values for CP-even and CP-odd, taking full account of the correlations among the 
assigned systematic uncertainties. The most important systematic uncertainties are those 
arising from the finite size of the K~t^^ vs. CP double-tag samples (0.018), residual cor- 
rections associated with this normalization procedure (0.008), and knowledge of the CF 
K-^+^-Ti+ and P)° K't^+'k^ branching ratios (0.010). For the pfj'^ {PlF'') ob- 
servable the dominant uncertainty of 0.082 (0.021) comes from the knowledge of the DCS 
branching ratio; this is also a significant component for PkI'^ls i.PKl\s)i where the uncer- 
tainty is 0.034 (0.003), with further important contributions arising from the knowledge 
of the K^TT^ branching ratio of 0.024 (0.005) and the rate of misidentification of 

P)° K~7T+ as K+TT- of 0.016 (0.026). For the largest uncertainty is 0.065 

from the DCS branching fractions. For all observables uncertainties are also assigned to 
account for non-uniform acceptance across phase-space; this uncertainty is only found to be 
significant for pf^'^, PkI'^ls Pk3^°ls where it is 0.051, 0.040 and 0.037, respectively. The 
results in Table HVl suggest significant coherence in the D —>■ K'tc^tt^ decay, but much less 
so in the case of D ^ K~7r~^7T~7r~^ . 

The relationships between the like-sign kaon observables and the physics parameters are 
given by: 

Pls — , . (x^+n^) rT^ 7^ '. 7^ ' \^^) 



'WW 



ff{y COS Sf^ -xsm6^) 

' D 



and 



F ^ [1 + & - '^V^Rf cos (^g- - ^g)]PL.L5 



PK3v,LS 



(15) 



n 
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TABLE IV: Measured p observables, where the first uncertainty is statistical and the second sys- 
tematic. 



Observable Measured Value 
p^l\ 1.077 ± 0.024 ± 0.029 
p^f_ 0.933 ± 0.027 ± 0.046 
pfl'^ 1.112 ± 0.226 ± 0.102 
0-971 ± 0.169 ± 0.062 
^glj' 1.073 ± 0.020 ± 0.035 
P^^'L" 0.868 ± 0.023 ± 0.049 
pf^'^" 0.388 ± 0.127 ± 0.026 
PkI^s 0-072 ± 0.027 

^^"^5 1.221 ± 0.169 ± 0.080 



where = B{D^ F)B{D^ K+n-)/{B{D^ F)B{D^ K+n-) + i3(Z)0 ^ 

^ K-n+)) and Sfj^^^^ = ^ K-7r+7rO)i3(Z}0 ^ i^+37r)/(i3(D0 ^ 

K-7v+7i^)B{D^ K+37T) + fif^o' ^ K+7r-7rO);B(DO ^ i^-37r)). 

In making use of the Pcp± observables it is convenient to define the CP- invariant observ- 
able, 



CP- 



A'cp ^ \±{p'cP± - 1) = 2/ - 2r^i?pcos5g . (17) 



Some anticorrelated systematic uncertainties on Pcp+ and Pcp- cancel when computing 
Agp. It is found that A^|,^ = 0.077 ± 0.018 ± 0.022 and A^^^° = 0.097 ± 0.015 ± 0.023, 
with Id.o.f values of 7.3/10 and 5.7/10, respectively. 

The values of Rk-kttO, Rks-k, ^d^^ ^'^d 5^^^" are obtained by a fit to pf^., Pk-k,lsi 
Pxn^o Ls ^cp- addition, the fit has x, y, 6d and the CF and DCS branching fractions 
for D — i> K'TT'^, K'n^TT^ and K~2iti as free parameters. The values of the D-mixing 
parameters and branching fractions are constrained to those reported in Refs. 0] and 11 



respectively; this procedure is referred to as the mixing-constrained fit. The values of the 
constraints are given in Table El Correlations amongst all free parameters are accounted 
for. The results of the mixing-constrained fit are given in Tab. El The best fit values of the 
coherence factors and average strong-phase differences are: Rk-k-k^ = 0.84 ± 0.07, 5^'^'^ = 
(2271}^)°, Rkstt = 0.33toit and 5^^^ = (114t|)°. There are also small improvements in 
the precision of S^'^, y and the DCS and CF D —>■ K^Stt branching fractions compared to the 
external constraints. The uncertainties are those arising from the statistical and systematic 
uncertainties on the observables. The x^ /d.o.f for the mixing-constrained fit is 7.3/3. The 



correlations amongst the parameters are presented in Ref. [19 



Figures [2]^a) and [2]^b) show the lex, 2a and 3(j allowed regions of {Rktt-w0^6^'^'"°) and 
{Rkstt, ^d^^) parameter space from the mixing-constrained fit, respectively. The likelihood 
is computed as £ = e~^^ ~Xmin)/2 at a point in parameter space; the fit is repeated at 
each point with the values of Rp and 5^ fixed. The 95% confidence level (CL) intervals 
for the parameters are found by integrating one- dimensional likelihood scans within the 
physically allowed region. The following 95% CL intervals are found: 0.70 < Rk-k-k^ < 0.95, 
167° < ^i^^^" < 249° and Rkz^ < 0.62. There is no bound on 5^^^ at the 95% CL. 

The fit is repeated with the constraints on x, ?/ and Sk-k removed to estimate these pa- 
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TABLE V: Results of the mixing-constained and unconstrained fits to the observables. Values 
of external constraints are listed. The uncertainties are those arising from the statistical and 
systematic uncertainties on the observables. 



Parameter 




Mixing constrained Mixing unconstrained External input 


RkttttO 
"D V 

6^^^ (°) 

X (%) 


) 




0.84 ±0.07 

'J-oO„Q 23 

114+1 
0.96 ±0.25 


0-781^:25 

1 go 
„ ^ ^ _i_n 0/1 

"-'••-'0-0.30 


— 
— 
— 

1.00 ±0.25 


y{%) 

B{D^ ^ 




') (%) 


0.81 ±0.16 
-151.5;^| 
3.89 ± 0.05 


7+2-4 

' -2.7 

-i3o;i 

3.89 ±0.05 


0.76 ±0.18 
-157.5t}?:4 
3.89 ±0.05 


B{D^ ^ 


K+TT- 


-) (10-4) 


1.47 ±0.07 


1.47 ±0.07 


1.47 ±0.07 




K-TT^ 


^vrO) (%) 


13.8 ±0.5 


13.8 ±0.5 


13.9 ±0.5 




K+TT- 


-vrO) (10-4) 


3.05 ±0.17 


3.05 ±0.17 


3.05 ±0.17 




K-TT^ 


^vr+vr-) (%) 


7.96 ±0.19 


8.03 ±0.19 


8.10 ±0.20 




K+TT- 


-TT-TT+) (10-4) 


2.65 ±0.19 


2.63 ±0.19 


2.62 ±0.20 



4280309-001 4280309-002 




FIG. 2: The Icr, 2a and 3cj allowed regions of (a) {Rk-k-k'^-:^d^^ ) ^"^^ (^) (-^-R'Sti-) '^d^'^) parameter 
space. 

rameters from the data; this procedure is referred to as the mixing-unconstrained fit. The 
A^p observables are dependent on the value of 5^'^ and its uncertainty from the normal- 
isation method that used the measured values of S{CP\K~'k^). Therefore, initially the 
value and uncertainties of A^p are recalculated assuming cos 5^'^ = ± 1 and the mixing- 
unconstrained fit is performed. The resulting value of 5^'^ is used to recalculate A^p and the 
mixing-unconstrained fit is repeated. This procedure is iterated until the parameter values 
returned by the fit no longer changed within the quoted precision. The results of the final 
iteration are shown in Tab. |Vl The best-fit values of x, and 5^'^ are: x = (— 0.8^2!)%, 
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y = (— 0.7l2!7)%5 and 5^'" = (—130^28)- There is an ambiguity in the solution of the 
unconstrained-fit if the signs of 5^^, 6^'^^, 5^^^ and X are all reversed. The correlations 
amongst the fit parameters maybe found in Ref. [191] . 

In summary, the first determination of the coherence factors and average strong-phase 
differences for —>■ K^ti^tt^ and K^37i has been presented. The results show sig- 

nificant coherence for K^tt^tt^, but no significant coherence for — > K~3tt. These 

results will improve the measurement of the unitarity triangle angle 7 and the amplitude 
ratio tb in B~ — > DK~ decays, where the D decays to K~7T~^Tr^ and K~37t. The prelimi- 
nary result for Rksw and 5^^'^ [20t| combined with CLEO-c's measurement of 5^'^ [lO| was 
shown to improve the expected sensitivity to 7 at LHCb in a combined ADS analysis of Kir 



and K3iT final states by up to 40% 2l(|. The sensitivity of these data to y and 6^'^ is also 
presented. 

We gratefully acknowledge the effort of the CESR staff in providing us with excellent 
luminosity and running conditions. This work was supported by the A. P. Sloan Foundation, 
the National Science Foundation, the U.S. Department of Energy, the Natural Sciences and 
Engineering Research Council of Canada, and the U.K. Science and Technology Facilities 
Council. 
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EPAPS addendum 



TABLE VI: Correlation matrix for the mixing-constrained fit. Only elements above the diagonal 
are shown. 

Rk..o X y B2 ^4 ^5 ^6 

Rk37v -0.067 0.078 0.045 -0.082 -0.020 -0.014 0.002 0.008 0.071 0.325 -0.134 0.051 

S^^"" — 0.127 0.256 -0.008 0.140 0.188 -0.023 0.096 0.244 -0.031 -0.126 -0.032 

Rj^^^Q — — 0.455 0.080 -0.059 -0.046 -0.014 0.060 0.018 0.098 -0.138 0.150 

^Kn^o _ _ _ .0.033 0.377 0.467 0.004 -0.027 0.142 0.131 -0.295 0.114 

X — — — — .0.189 -0.188 -0.001 0.005 -0.037 0.001 0.047 -0.006 

y _____ 0.945 0.004 -0.015 0.107 -0.014 -0.146 0.012 

S^"" — — — — — — 0.005 -0.004 0.121 -0.002 -0.071 0.008 

Bi — — — — — — — 0.006 -0.005 0.008 0.001 -0.002 

B2 — — — — — — — — 0.005 -0.028 -0.024 0.008 

B3 — — — — — — — — — 0.104 0.047 -0.001 

B4 — — — — — — — — — — .0.054 -0.006 

B5 — — — — — — — — — — — 0.028 

Key of branching fractions {B) : 

Bi = B{D^ K-7r+) 
B2 = B{D^ K+TT-) 

B3 = B{D^ K-TT+TT+TT-) 
Bi = B{D^ K+TT-TT-TT+) 
B5 = B{D^ K-TT+TT^) 

Be = B{D° K+7r-7r°) 
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TABLE VII: Correlation matrix for the mixing-unconstrained fit. Only elements above the diagonal 
are shown. 





xKStt 

"d 
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u.oyz 
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n 1 Q/i 
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-U.OUO 
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X 








-U.Zoz 


u.uyz 


U.UUo 


-U.UUo 


U.Uoo 


-U.ioz 


U.U(Z 


-U.U4z 


y 










0.255 


-0.004 


0.015 


-0.081 


0.144 


0.029 


0.008 














0.006 


-0.034 


0.211 


-0.157 


-0.223 


-0.038 
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0.005 
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0.006 


-0.000 


-0.002 
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